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is  report  reviews  the  design  and  development  of  the  electronic 
assemblies  used  with  Quadrupole  Mass  Spectrometers.  The  Mass 
Spectrometers  are  used  by  the  Air  Force  Geophysics  Laboratory  to 
make  composition  studies  of  the  upper  atmosphere  and  the  ionosphere 


The  first  phase  of  work  was  directed  toward  a satellite  Instrument 
designed  to  measure  both  positive  and  neutral  constituents  in  the 
range  of  1 AMU  to  44  AMU.  nerfcr  ^oqp  continued 
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Phase  two  was  directed  toward  a ballbn  Instrument  which 
would  be  used  to  measure  positive  ions  In  the  range  of  10  ^MU 
up  to  kOO  AMU.  T <■ 

Phase  three  was  directed  toward  the  design  of  an  Instrument 
RMS- 5 which  could  be  used  on  either  a rocket  or  satellite 
and  measure  both  positive  and  neutral  constituents.  •' 
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1 . INTRODUCTION 


The  objective  of  this  contract  was  to  design 
and  fabricate  the  electronic  assemblies  for  the 
AFQL  Quad rupole  Mass  Spectrometer. 

The  mass  spectrometers  are  used  to  make  positive 
and  neutral  constituent  measurements  of  the 
upper  atmosphere  and  Ionosphere.  The  first 
Instrument  that  was  developed  Is  to  be  used  on 
a satellite  to  measure  positive  and  neutral 
species  from  1 AMU  to  44  AMU.  A control  console 
that  Is  capable  of  generating  the  satellite  command 
and  data  handling  functions  was  designed  to 
simplify  laboratory  testing. 

The  second  Instrument  was  designed  to  measure  a 
wider  range  of  masses,  up  to  400  AMU  In  a 
lower  altitude  balloon  flight.  A control  console 
was  also  fabricated  for  testing  of  this  instru- 
ment. 

The  third  assembly  (RMS-5)  *3  designed  to 
measure  sixteen  different  masses  In  the 
range  of  1 AMU  to  50  AMU.  The  control  console 
for  the  RMS-5  electronic  package  wa3  fabri- 
cated at  APQL. 

2.  SYSTEM  DESIGN 

The  system  design  for  a Quadrupole  Mass  Spectro- 
meter will  Include,  with  some  variations: 
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a)  A DC  to  DC  converter  power  supply. 

b)  A programmer  of  sweep  control  circuit. 

c)  DC  sweep  amplifiers  with  a plus  and 
minus  symetrical  sweep. 

e)  An  electrometer  and/or  pulse  amplifier. 

f)  Data  handling  circuits  such  as  shift 
registers  and  counters. 

g)  Monitors  for  temperature  and  vacuum. 

The  variations  mentioned  In  the  previous  para- 
graph depend  on  the  type  of  vehicle  used  such 
as  satellite,  rocket  or  balloon. 

The  satellite  power  converter  has  a switching 
regulator  front  end  to  Improve  the  efficiency. 

The  rocket  and  balloon  experiments  because 
of  the  short  time  of  flight  or  payload  capa- 
bility do  not  require  a switching  regulator. 

The  satellite  programmer  Is  also  different 
because  the  timing  and  data  readout  is  determined 
by  the  satellite  central  processor.  The  RP 
oscillator,  electrometer,  and  temperature 
monitors  are  similar  in  all  three  instruments. 

2.1  Power  Supply 

All  the  power  supplies  that  are  designed  for  these 
masB  spectrometer  Instruments  use  a square 
loop  material  In  the  main  transformer. 

The  satellite  converter  D-646  has  a switching 
regulator  front  end,  a master  oscillator  for 
low  power  frequency  determination,  and  a non 


W ■ 
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saturating  slave  transformer  for  efficient 
power  conversion.  The  satellite  converter 
frequency,  is  about  30  KC  as  compared  to  the 
rocket  converters  which  operate  at  about  5 KC. 

The  switching  regulator  D-646  is  comprised 
of  Z^,  Q^,  and  and  is  synchronized  by  the 
master  oscillator  Q^,  Q^,  T^  from  a feedback 
winding  (10-11).  The  switching  regulator 
reduces  the  power  dissipation  between  the  input 
(26  volts  to  32  volts)  and  the  main  transformer 
center  tap  (+20  volts)  by  about  90#.  This 
turns  out  to  be  about  a 30#  reduction  of  the 
total  experiment  power. 

In  DC  to  DC  converter  design,  power  is  dissi- 
pated when  the  transformer  goes  into  saturation 
and  switching  action  occurs.  At  this  time  a 
large  current  spike  occurs  which  causes  heating 
in  the  switching  transistor  and  the  transformer. 
To  reduce  the  amount  of  wasted  power,  a low 
power  master  oscillator  is  used  to  drive  the  main 
or  slave  transformer  so  that  it  never  goes  into 
saturation. 

For  satellite  experiments  the  power  is  derived 
from  solar  cells  recharging  the  batteries  and 
the  expected  life  time  of  the  experiment  is 
usually  many  months  so  that  conservation  of  power 
is  a primary  consideration.  For  rocket  and 
balloon  experiments  which  have  relatively 
short  life  times  (10  to  20  minutes  for  rockets) 
or  have  greater  payload  capabilities,  the  power 
supply  design  is  not  as  critical. 
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2.2  Programmer 

2.2.1  Satellite  Programmer 

The  satellite  programmer  D-647  con- 
tains the  command  relay  logic,  the 
mass  scan  advance  logic  and  the  data 
handling  or  electrometer  readout  logic. 

The  command  relay  logic  Is  used  to  set 
the  experiment  in  any  one  of  five 
different  modes.  The  relays  are  of 
the  magnetic  latching  type  and  require 
a 28  volt  75  ms  pulse  to  be  activated. 

A single  pulse  is  used  on  the  desired 
mode  input  line  to  set  the  proper 

( relay  and  reset  all  the  others.  Be- 

cause of  the  limited  number  of  commands 
allotted  each  experiment,  the  high 
voltage  "low”  command  was  also  used  to 
set  the  experiment  into  Mode  I by  re- 
setting Mode  Relays  II  to  V. 

The  mass  scan  advance  logic  is  used  to 
determine  the  state  of  the  mode  relays, 
advance  the  mass  scan  counter  and  set 
the  various  bias  levels  in  the  ionizer. 


An  outline  of  the  mode,  submode,  mass 
numbers  and  ionizer  bias  levels  appears 
on  Drawing  B-735. 

The  data  handling  portion  of  the  pro- 
grammer is  used  to  synchronize  the 
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electrometer  sample  time  and  data  read- 
out with  the  satellite  telemetry  system. 

The  timing  diagram  for  the  electrometer 
and  data  handling  appear  on  Drawing  B-736 
and  B-737.  A detail  description  of  the 
circuit  operation  appears  In  previous 
reports,  so  it  will  not  be  Included  here. 

2.2.2  Balloon  Programmer 

The  balloon  programmer  Is  designed  to 
generate  a sweep  which  can  be  broken 
up  Into  eight  segments  or  modes.  Each 
mode  sweeps  50  masses  so  that  the  total 
sweep  covers  the  spectrum  of  1 AMU  to 
400  AMU.  In  addition  to  controlling  the 
amplitude  of  DC  amplifiers  and  RF  oscillator, 
the  programmer  determines  the  oscillator 
frequency,  by  the  state  of  the  relays 
In  secondary  of  the  RF  oscillator.  A 
diagram  of  the  resulting  sweep  appears 
on  Figure. I. 

The  reason  for  changing  the  frequency 
Is  to  reduce  the  amplitude  of  the  DC  and 
RF  voltage  that  Is  applied  to  the 
Quadrupole  rods  In  order  to  reach  mass 
400.  This  Is  evident  from  the  equation: 


A high  frequency  improves  the  resolution 
of  the  instrument  for  low  masses,  but 
strains  the  stability  of  the  oscillator, 
because  of  the  high  peak  voltage,  at 
high  masses. 

As  an  example  if  three  frequency  were 
used  such  as  : ^ = 3.6  me,  f2  = 2.4  me 

and  f^  =*  1.8  me,  the  peak  RF  voltage 
required  to  reach  400  AMU  would  be: 

Single  frequency 

Vp  - 7.219  (400) (3.6)2( ,273)2 

Vp  - 2789  volts 

Three  frequencies  with  the  lower  fre- 
quency used  for  the  higher  masses: 

Vp  - 7.219  (400) (1.8) 2( .273) 2 
Vp  - 697  volt 8 

The  programmer  controls  the  sweep  such 
that  a continuous  sweep  of  1 AMU  to  400 
AMU  can  be  made  or  a particular  mode 
can  be  selected,  and  the  sweep  will  scan 
only  in  that  mode.  For  example  if  it  is 
desirous  to  look  at  only  masses  100  AMU 
to  150  AMU,  mode  three  is  selected  and  the 
scanner  starts  at  100  AMU  sweeps  to 
150  AMU  then  returns  to  100  AMU  and  re- 
peats the  same  sequence. 
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2.2.3  RMS-5  Programmer 


The  RMS-5  programmer  has  not  been 
described  in  previous  reports  so  a 
little  more  detail  will  be  given  here. 
The  design  philosophy  was  to  include: 

a)  Design  the  experiment  so  that  it 
could  be  used  on  either  a rocket 
or  satellite  with  a minimum  of 
modificatl ons. 

b)  Jump  to  selected  masses  instead  of 
the  usual  linear  scan. 

c)  Include  in  the  data  readout  a 
computer  code  and  a mass  number 
code  so  that  automatic  data 
reduction  could  be  used. 

The  timer  portion  of  the  programmer 
D-85O  is  used  to  generate  the  timing 
function  usually  supplied  by  a satellite 
central  processor,  such  as  data  gate, 
shift  pulses  and  sync  pulses.  The  scan 
control  portion  of  the  programmer  C-854 
contains  the  program  advance  counter  1^, 
two  programmable  read  only  memories  U?  * 
and  a 10  bit  D/A  converter  U^, 


7- 


The  reason  for  this  type  of  scan  control 
is  to  eliminate  the  dead  time  between 
mass  peaks  which  is  inherent  in  a linear 
scan. 

The  use  of  a PROM  also  simplifies  a 
change  in  the  order  in  which  a mass  is 
sampled  or  the  emphasis  placed  on  any 
particular  mass.  The  lower  left  hand 
portion  of  D-865  has  a sample  scan 
sequence  in  which  mass  28  is  selected 
on  alternate  mass  steps  so  that  a more 
[ accurate  profile  of  mass  28  could  be 

established  during  flight. 

t The  counter  on  Drawing  C-854  is  used 

for  laboratory  calibration  purposes  and 
will  be  used  to  determine  the  outputs 
required  from  the  PROMS  to  obtain  the 
selected  mass  sequence.  The  counter  can 
be  used  to  provide  a linear  scan  of  all 
the  masses  from  1 AMU  to  50  AMU  in  the 
laboratory  and  then  will  be  removed  be- 
fore flight. 

The  data  handling  portion  of  the  programmer 
D-852  Includes  the  40  bit  shift  register 
made  up  of  Uj^j  U^*  and  Ul6.  The 

shift  register  accepts  data  from  two 
different  electrometer  counters  and  the 
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mass  scan  PROM  plus  generating  an  eight 
bit  computer  code.  The  load  and  shift 
pulses  are  provided  from  the  program 
timer  and  the  register  Is  designed  to  be 
self  clearing. 

2.3  DC  Sweep  Amplifiers 

2.3.1  The  DC  sweep  amplifiers  for  all  three 

types  of  Instruments  are  Identical.  The 
schematic  for  these  amplifiers  are  on 
Drawings  D-645,  I>-686,  and  C-854.  The 
amplifiers  are  the  same  because  there 
function  Is  to  supply  a symetrlcal  plus 
and  minus  DC  bias  to  the  opposite  pair 
of  rods  In  the  Quadrupole  structure. 

The  only  difference  In  the  amplifiers  Is 
the  reference  bias  of  the  output  and 
the  amplitude,  which  will  be  a function 
of  the  mass  range  to  be  sampled.  The 
amplifiers  are  designed  around  an  In- 
tegrated circuit  operational  amplifier 
such  as  the  741.  The  output  stage  Is 
made  up  with  two  high  voltage  transistors 
operated  In  the  common  base  mode  which  allows 
the  output  to  swing  well  over  one  hundred 
volts,  far  exceeding  the  power  supply 
limits  of  most  Integrated  operational 
amplifiers. 

The  first  transistor  of  each  pair  is 
used  so  that  the  rod  bias  Is  not 
restricted  to  operational  amplifier 


power  supply  limits  of  +15  volts. 

The  transistors  are  operated  In  the 
common  base  mode  so  that  no  additional 
open  loop  gain  Is  added  to  the  already 
high  gain  of  the  741.  If  a common 

i 

emitter  stage  was  used  with  a high  gain 
transistor,  stabilization  of  the  ampli- 
fier would  be  difficult.  The  input  and 
feedback  resistors  normally  used  are 
wire  wound  and  matched  to  .01#. 

2.4  RF  Oscillator 

The  RF  oscillator  C-579  used  in  the  three 
instruments  is  basically  the  same  as  far 
as  circuit  performance  is  concerned.  The 
oscillator  is  a tuned  secondary  push  pull 
Hartley  oscillator  whose  frequency  is 
determined  by  the  resonance  of  the  output 
winding  and  the  quadrupole  capacitance.  The 
output  is  amplitude  modulated  by  a control 
DC  voltage  so  that  a fixed  ratio  exists 
between  the  plus  and  minus  DC  sweep  voltage 
and  the  peak  RF  voltage.  The  center  tap  of 
the  output  or  resonant  winding  is  DC  open, 
and  AC  shorted  so  that  the  RF  waveform  can 
be  superimposed  on  the  DC  sweep  when  it  is 
applied  to  the  quadrupole  rods. 

In  order  to  close  the  loop  and  control  the 
amplitude  of  the  RF  waveform  an  additional 
winding  is  added  to  the  coil  form  whose 
output  is  peak  detected  and  compared  to 
the  DC  control  voltage. 
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In  the  satellite  and  the  RMS-5  instruments 
the  frequency  is  fixed  between  3 Mhz  and 
4 Mhz,  the  exact  value  being  determined 
during  laboratory  calibration. 


In  the  balloon  instrument  the  frequency  is 
changed  as  a function  of  mode  or  mass  group 
being  sampled  such  as: 


Mode  I 1 
Mode  II  50 
n Mode  III  100 
Mode  IV  150 
Mode  V 200 
Mode  VI  250 
Mode  VII  300 
Mode  VIII  330 


AMU  to  50 
AMU  to  100 
AMU  to  150 
AMU  to  200 
AMU  to  250 
AMU  to  300 
AMU  to  350 
AMU  to  400 


AMU  fl=3.6  Mhz 
AMU  f2=2.4  Mhz 
AMU  f2=2.4  Mhz 
AMU  F2-2.4  Mhz 
AMU  f 3*1.8  Mhz 
AMU  f 3=1.8  Mhz 
AMU  f3-1.8  Mhz 
AMU  f3*1.8  Mhz 


In  order  to  obtain  the  different  frequencies 
a multi  tap  coil  is  wound  so  that  different 
inductances  can  be  used  to  resonate  with 
the  quadrupole  capacitance.  An  alternate 
approach  for  changing  the  frequency  would 
be  to  use  a single  inductance  and  shunt  the 
quadrupole  capacitance  with  a fixed  capaci- 
tance to  lower  the  frequency. 

The  multi  tap  coll  has  two  obvious  advantages 
over  the  shunt  capacitor  approach  and  they  are 

l)  The  power  dissipated  in  the  resonant 
tank  for  a fixed  amplitude  will  in- 
crease with  increasing  capacitance. 
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2)  The  power  supply  on  the  primary  side 
of  the  transformer  can  be  a lower 
voltage  with  the  multi  tap  coll  approach. 

In  order  to  maintain  a fixed  ratio  between 
the  RF  and  DC  sweep  it  is  also  necessary  to 
change  the  amount  of  feedback  to  the  peak 
detector  from  the  "pick  off"  winding,  when 
the  output  turns  ratio  is  changed.  This  is 
accomplished  by  using  relays  and  Kg, 

along  with  resistors  R2Q,  R21,  R22* 

The  multiplexer  Zg  D-684  is  used  as  a 
fine  trim  or  vernier  adjustment  of  the 
ratio  and  can  be  programmed  by  control  of 
inputs  "A"  and  "B". 

2.5  Data  Amplifiers 

The  data  amplifiers  designed  for  the  mass 
spectrometers  are  of  the  electrometer  type 
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which  are  used  to  measure  currents  from  10 
amps  to  10-5  ainpa<  The  two  types  of  electro- 
meters are  the  "capacitor  integrating"  and  the 
"transistor  logarithmic". 

Detailed  description  of  the  circuit  operation 
has  been  lnoluded  in  previous  reports  associated 
with  this  contract,  such  as  AF0L-TR-C-0183, 
so  it  seems  unnecessary  to  repeat  it  in  this 
discussion. 


The  satellite  experiment  has  two  capacitor  in- 
tegrating electrometers,  the  first  one  has  three 
ranges  and  measures  the  output  of  a Johnson 
secondary  emission  multiplier,  with  currents  in 

-11  -E, 

the  range  of  10  to  10  J amps.  The  range  is 
determined  by  sampling  the  output  of  the  multi- 
plier for  4 ms  prior  to  each  data  period.  The 
timing  diagram  appears  on  Drawing  B-737  and  B-736. 

The  second  satellite  electrometer  is  used  to 
measure  the  current  of  a grid  which  is  placed 
in  front  of  the  electron  multiplier,  and  is 
useful  for  detecting  currents  too  large  for  the 
multiplier  electrometers  to  handle. 

Data  in  the  balloon  experiment  will  be  handled 
by  a capacitor  amplifier  or  by  a pulse  amplifier 
using  the  same  accumulator.  The  pulse  amplifier 
will  be  used  when  the  level  of  data  with  respect 
to  time  is  so  low  that  the  capacitor  electrometer 
does  not  respond  in  a reasonable  time  period. 

An  additional  data  card  with  two  transistor 
logarithmic  amplifiers  can  be  substituted  in  the 
experimental  package  for  use  in  laboratory 
testing. 

The  RMS-5  instrument  contains  two  capacitor 
electrometers  and  a positive  input  transistor 
logarithmic  electrometer.  The  capacitor  electro- 
meters are  used  to  measure  the  multiplier  and 
grid  current  in  the  same  manner  as  the  satellite 
amplifiers. 
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The  transistor  log  amplifier  is  used  to  measure 
ion  current  at  the  electron  impact  ion  source. 

The  timing  diagram  for  the  RMS- 5 is  on  Drawing 
D-865. 

2.6  Emission  Regulator 

The  emission  regulator  circuits  are  used  to 
supply  a heater  current  and  bias  voltages  to  an 
ionizer  which  is  located  between  the  entrance 
aperture  and  quadrupole  rods.  The  ionizer  which 
is  used  in  the  neutral  mode  to  ionize  particals, 
can  be  programmed  on  and  off  so  that  the  instru- 
ment serves  a dual  purpose,  and  can  measure 
positive  ion  or  neutral  species. 

The  RMS-5  emission  regulator  is  slightly 
different  from  the  satellite  circuit  in  that  the 
emitted  current  from  the  filament  is  controlled 
by  a closed  loop  which  includes  an  otpo-isolator. 
The  opto-isolator  allows  for  large  filament 
to  anode  voltages  without  putting  undue  stress 
on  the  anode  amplifier  transistors. 

2.7  Monitor  Circuits 

Each  of  the  Instruments  has  a temperature  monitor 
or  two  depending  upon  the  number  of  packages 
required.  The  circuit  is  designed  around  a 
iso-curve  thermistor  and  a 7^1  type  operational 
amplifier.  The  components  are  selected  to  give 
a 0 to  5 volt  output  for  a temperature  change 
of  0 to  50  degrees  centigrade. 


Various  voltages  are  monitored  by  using  resistor 
dividers  and  are  usually  sampled  on  a subcommutator 
basis. 


ELECTROMETER  timing 
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